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The petroleum sector contributes substantially to the Nigerian economy; however, the potential benefits are diminished because of the existence of significant subsidies on imports of petroleum products. Subsidies on imported petroleum products are considered to be an important instrument for keeping fuel prices, and hence the cost of living, low. The costs of these subsidies, however, have risen dramatically in recent years along with increased volatility in world petroleum and petroleum product prices and increased illegal exportation of subsidized petroleum products into neighboring countries. Removing the subsidy on fuel is one of the most contentious socioeconomic policy issues in Nigeria today. In this paper, an economy-wide framework is used to identify the impact of removing the fuel subsidy on the Nigerian economy and investigate how alternative policies might be used to meet socioeconomic objectives related to fuel subsidies. The results show that although a reduction in the subsidy generally results in an increase in Nigeria's gross domestic product, it can have a detrimental impact on household income, and in particular on poor households. Accompanying the subsidy reduction with income transfers aimed at poor households or domestic production of petroleum products can alleviate the negative impacts on household income.
Introduction
Nigeria, the most populous country in Africa, had a per capita gross domestic product of US$1,437, in 2010, slightly higher than that found in Sub-Saharan Africa of US$ 1,311. However, 68 percent of the Nigerian population lives on less than US$1.25 per day as compared with 48 percent in SubSaharan Africa. Poverty and inequality thus remain significant issues in Nigeria (World Bank, 2013) .
Nigeria possesses 28 percent of Africa's proven petroleum reserves, second only to Libya; and is the largest producer of petroleum (crude oil) in the region, producing 24 percent of Africa's petroleum in 2010 or 2.4 million barrels per day (bpd) (BP, 2011) . During the last decade, petroleum production in Nigeria ranged between 2.1 and 2.5 million bpd, while its share in African production ranged between 21 and 29 percent. Petroleum is of paramount importance to the Nigerian economy, representing 25 to 30 percent of domestic production (GDP) and around 90 percent of its export earnings. Moreover, between 1970 and 2005 petroleum sales contributed about 75 percent of government revenue (Adenikinju, 2009) . Over the last four decades, petroleum has also become Nigeria's top export commodity. The share of petroleum in Nigerian exports peaked at 97 percent in 1984 and has not been less than 90 percent since. In conclusion, Nigeria is strongly dependent on petroleum.
Despite being Africa's largest petroleum producer, Nigeria relies heavily on imported petroleum products, principally fuels, which are primarily imported from the European Union (Narayanan et al., 2012) . Its four refineries, Port Harcourt I and II, Warri, and Kaduna have a combined capacity of approximately 445,000 bpd, which could potentially satisfy 63 percent of domestic demand. However, these refineries are operating far below capacity due to operational failures, poor maintenance, sabotage on petroleum pipelines feeding refineries, theft, and fire (EIA, 2012; BusinessDay, 2013) . In 2009 and part of 2010, particularly low refinery runs forced the country to import approximately 85 percent of its petroleum product consumption (BusinessDay, 2013) . 4 pump. The Nigerian Petroleum Products Pricing Regulatory Agency (PPPRA) determines the daily and monthly subsidy rates by estimating the gap between the expected price of imported petroleum products, including margins, and the pre-established, regulated, domestic price. 8 The subsidy paid by the government on imported petroleum products varies positively relative to changes in two factors: world prices and/or demand for these products. In recent years, rising prices of petroleum products have damaged Nigeria's fiscal health by increasing the Nigerian fuel subsidy (Rice, 2012; BBC 2012a BBC , 2012b . For 2012, the subsidy was estimated at US$ 5.6 billion, being equivalent to about 20% of the total public budget (Umar and Umar, 2013) . Thus, the fuel subsidy contributes strongly to the deterioration of Nigeria's government balance which has changed from a surplus equal to 7.3 percent of GDP in 2008 to a deficit of 8.2 percent and 6.5 percent in respectively (IMF, 2013 .
Though the fuel subsidy helps the poor by keeping Nigerian fuel prices lower than world prices, it is not an efficient policy for poverty reduction and development for several reasons:
1. The biggest beneficiaries have been importing companies and local wholesalers that smuggle some of the subsidized fuel into neighboring countries selling it at higher prices (The Economist, 2011; . Illegal trade is not well recorded in official trade statistics, which makes it difficult to analyze. According to the BBC (2012a, b), the Nigerian government paid the subsidy on 59 million liters of fuel a day in 2011, although domestic consumption in Nigeria was only 35 million liters a day. Thus, petroleum product importers were paid billions of US dollars to import fuel that was never delivered to the Nigerian people with the subsidy leaking to traders and foreign consumers. 2. The share of poor households in total fuel consumption, and thus the total subsidy volume, is lower than the share of rich households. Umar and Umar (2013) find the richest 20% of households in Nigeria benefitting more than four times as much from the fuel subsidy in Nigeria than the poorest 20%. This analysis, though, is static and limited to the first order effects of price changes without taking into account behavioral responses and changes in income to labor and capital. This is confirmed by data from the 2006 Nigerian SAM (Nwafor et al., 2010) , which reports that rural households in Nigeria, which constituted 53.6 percent of the total Nigerian population in 2006 (World Bank, 2013 , consumed only 33 percent of total household consumption of petroleum products in Nigeria compared to 67 consumed by the wealthier urban households. In addition, even in relative terms, poor 8
The PPPRA follows the import parity principle in its price determination, which includes: a) landing cost of products; b) margins for the marketers, dealers, and transporters; c) jetty-depot through-put; and d) other charges and taxes.
rural households in Nigeria are found to spend less of their income on fuel (0.6 percent), compared to wealthier urban households (0.9 percent). 3. It is likely that beneficiaries invest in lobbying for the maintenance of the import subsidy, legally and illegally, which would constitute economic losses to the economy as a whole, and presents a barrier to advancing good governance. 4. Subsidized market prices not reflecting the social cost of fuels result in overconsumption of fuels and related welfare losses. 5. Many authors argue that if poverty reduction was the real objective behind the subsidy, it should be replaced by more targeted policies such as social programs, investment in infrastructure and others (Umar and Umar, 2013; Nwachukwu and Chike, 2011; Birol et al., 1995) . Bazilian and Onyeji (2012) follow this argument, but hint at the political resistance to such complementary policies. Furthermore, they stress the relevance of the energy subsidy to the business sector in light of the poorly developed electricity network and resulting high cost of private power supply based on fuel. Birol et al. (1995) suggest public investments in improving energy use efficiency, which has the potential to partially compensate for the effects of a subsidy phase out.
Nigeria is not a special case when it comes to subsidies on fuel: at a global scale, fuel subsidies to consumers are estimated at more than US$ 300 billion annually (Victor, 2009 ). Out of this total, road sector subsidies are estimated at US$ 110 billion, resulting in a global welfare loss of US$ 44 billion or even double as much, if externalities are taken into account (Davis, 2013) . For the Middle East and North Africa (MENA) region, the World Bank (2009) argues that subsidies on electricity and petroleum products have contributed significantly to the inefficient use of energy. Fuel subsidies have proven to be disproportionally beneficial to the wealthier citizens, which consume relatively larger amounts of fuel to power their automobiles and homes. This is in accordance with findings at a global level (Coady et al., 2010) , for the group of developing countries as a whole (Arze del Granado et al., 2012) , as well as for many single countries such as Gabon (El Said and Leigh, 2006) , India (Rao, 2012; Gangopadhyay et al., 2005) and Indonesia (Dartanto, 2013) .
In conclusion, the World Bank argues that: "untargeted energy subsidies reduce the amount of money that can be spent on programs that really benefit the poor" (World Bank, 2009: 60) and encourage investors and firms to invest in activities that would be unprofitable if energy were not subsidized. As the MENA region has experienced social unrest as a result of reducing petroleum and petroleum products subsidies, the World Bank (2009) has suggested that some of the social unrest could be avoided if social programs were implemented to protect poor households from the 6 steep increases and volatile energy prices (World Bank, 2009 Over the past 30 years, the Nigerian government has made several attempts to remove the petroleum product subsidy (Adenikinju, 2009) . From a political economy perspective, however, removal of the petroleum product subsidy is difficult because it impacts a broad spectrum of Nigerian households. Despite the majority of the subsidies benefiting primarily wealthier households, lower and less volatile fuel prices are popular amongst all population segments. For these reasons, Nigerian consumers have opposed attempts to remove the petroleum product subsidy. The predominant view in Nigeria is that any petroleum product price increase will cause inflation and reduce economic welfare (Adenikinju, 2009) . Nonetheless, the subsidy on imported petroleum products was abolished on January 1, 2012 under the justification that illegal exports had made the cost of providing cheap petroleum products prohibitively expensive (Rice, 2012) . The removal of the petroleum product subsidy caused the price of fuel to more than double. After more than two weeks of strikes, the government introduced a new subsidy that lowered the price of fuel from 140 to 97 Naira per liter. Despite the introduction of the new subsidy, petroleum product prices remained more than 50 percent higher than 65 Naira per liter -the price before the temporary removal of the subsidy.
The objective of this paper is to examine the implications of reducing Nigeria's fuel subsidy on the Nigerian economy and on poor households in particular, and to assess the effect of complementary policies to reduce the detrimental effects on the poor. To this purpose, we use an applied general equilibrium model (AGE), which allows for depicting economy wide effects, as well as effects on poor households which emerge from changing fuel prices, changing prices for other products, which may be increasing in the case of a high fuel input shares or decreasing in the case of a low fuel input shares, and factor incomes from capital, labor, and land. By using an AGE model, we are well-equipped to address points 2 and 4 above: the distorting effects of subsidies as well as distributional effects due to expenditure as well as factor income shares of various household groups. We are also able to analyze complementary policies such as targeted transfers (point 5 above). We are not well-equipped though, to address point 1 above (subsidy leakage due to unregistered trade) due to missing data, and point 3: transaction cost of policies, including the cost of lobbying. We discuss these shortcomings in the conclusions.
Specifically, the MyGTAP modeling framework, developed by Walmsley and Minor (2013) , is used for this purpose. This new framework is based on the GTAP model and allows for the incorporation of country specific information, thereby permitting examination of the impacts of global or domestic policies on different household groups within Nigeria. Using this framework we incorporate income and consumption data for 12 Nigerian households based on both location in Nigeria (North, South, etc.) and rural versus urban. We can, therefore, examine the impact of the removal of fuel subsidies on both the Nigerian economy, the government's fiscal balance and trading patterns, as well as on the incomes and consumption patterns of the 12 different households. Given the recent social unrest in Nigeria as a result of this policy change, we also examine the extent government can allay the detrimental effects of the removal of the subsidy on the poor, by combining the removal of the fuel subsidies with other policies aimed at assisting the poor and or domestic producers of petroleum products.
Methodology
In this study, we use a global applied general equilibrium (AGE) model to examine the impact on the Nigerian economy of removing the subsidy on imported petroleum products. Such models are firmly rooted in microeconomic theory of utility and profit maximization as well as product and factor markets being in equilibrium. The parameterization typically is such, that medium to long term adjustments to exogenous shocks (such as a subsidy removal) can be depicted, whereas such models are less suitable to depict year to year adjustment processes. The MyGTAP modeling framework, developed by Walmsley and Minor (2013) , offers a platform for the analysis of domestic policies within a global framework, by allowing for the inclusion of detailed data on Nigerian households to be incorporated into the GTAP database (Narayanan et al., 2012) . In this section we review the MyGTAP modeling framework and the changes made to the GTAP database.
The MyGTAP Model
The MyGTAP model is an extension of the standard GTAP model (Hertel, 1997) . The standard GTAP model employs simple, but well recognized assumptions about product technology, competition, and consumer and government behavior. For example, production technology exhibits constant returns to scale and substitution between primary endowment factors, such as land, labor, and capital, with intermediate inputs used in fixed proportions. Imports are modeled as differentiated products between the domestic and imported goods. Imported goods are differentiated by country of origin as specified by the Armington assumption. The government consumes goods and services in fixed proportions. Consumer demand for goods and services incorporate both income and substitution effects, allowing for changes to the consumption bundle due to changes to prices and real income. The standard GTAP model assumes one "regional" representative household, which gathers all factor income and taxes that are then distributed to savings and government and private consumptions.
One of the main features of the MyGTAP model is that it eliminates the single 'regional' household. MyGTAP allows for one or more private households and a government agent whose expenditures are directly related to the income they each receive from endowment factors and taxes respectively. Moreover, the MyGTAP framework augments the standard GTAP model by including income from inter-regional transfers, such as remittances and foreign aid components of household and government income that can be important to developing countries. This framework is capable of implementing these changes for all regions in the GTAP database.
The new specification explicitly defines the government balance in terms of income and expenditures. The government collects income from taxes and foreign aid, which it then spends on government purchases, transfers to households, foreign aid (out) and subsidies. The difference between government income and expenditure then determines the government's deficit or surplus.
The private household on the other hand collects income from factor endowments, net foreign labor remittances, net foreign capital rents, transfers from the government, and transfers from other households. The household's income is spent on consumption of goods and services and savings.
The MyGTAP framework allows for the private household in Nigeria to be replaced with multiple households, facilitating analysis of the distributional impacts of various policies on particular household groups. In this paper, 12 types of households are introduced based on data from the latest available Nigerian SAM for the year 2006 (Nwafor et al., 2010) . The SAM provides detailed information on the income, consumption, and savings patterns of 12 households, classified by geographical zones, and rural and urban categories. Detailed linkages between household earnings and factors (particularly natural resources) were not provided in the SAM, requiring some assumptions discussed in the data section, Section 2.3. It was possible, however, to calculate savings rates of the household groups based on the SAM and the Nigeria Poverty Profile (NBS, 2012) (see Appendix 1). The inclusion of multiple households is useful for our study, as we aim to assess the impact of complementary policies, such as compensating poor households, which accompany the reduction in the petroleum product subsidy.
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Furthermore, production factors capital and labor are assumed to be fully mobile between sectors, whereas land and natural resources factors are sluggish to move.
In addition, government savings are made exogenous; therefore, any reduction in the subsidy, increases government income and is entirely spent by the Nigerian government, in the same proportions as in the baseline data. This is a stylized assumption that helps us interpret the results, but it also reflects that fact that the additional income obtained from reducing subsidies is likely to be spent on current consumption. The closure is shown in Appendix 2.
Data
Two datasets are employed to study the effects of the subsidy removal: the GTAP database (Narayanan et al., 2012 ) and a 2006 Nigerian SAM (Nwafor et al., 2010) .
The 2006 SAM distinguishes 62 sectors and commodities, of which more than half are agricultural sectors/commodities. The SAM has a separate sector for petroleum products, a sector for petroleum and natural gas, and an aggregated sector for other mining. In light of the data provided in the SAM, we aggregate the 134 regions in the GTAP 8.1 database into 13 regions (Table 1) . The MyGTAP framework allows for the inclusion of country specific data on households and factors. Data from the 2006 Nigerian SAM is combined with the GTAP 8 database using the MyGTAP data program . The program uses consumption and ownership weights obtained from the SAM 12 households (see Table 2 ). These weights are applied to the GTAP database such that the total returns to factors and consumption are consistent with the original GTAP database. The newly aggregated 21 sectors are mapped to the corresponding sectors in the Nigerian SAM; the SAM sectors are then used to define each household's consumption share of the 21 GTAP commodities. In this paper, we aggregate skilled and unskilled labor contained in the GTAP database resulting in four production factors in contrast to the standard five GTAP production factors. This was done to maintain consistency with the Nigerian SAM. We, therefore, include four sources of household factor incomes: land, natural resources, labor, and capital. These earnings were allocated to each of the 12 households as income, according to factor ownership shares. Household incomes were then adjusted for net foreign income, remittances and capital depreciation.
As mentioned in Section 1, the subsidy on imported petroleum products is determined on a daily and monthly basis by the PPPRA. During the second half of 2012, the applied PPPRA subsidy was 33.0 percent. Examination of the GTAP database shows a much larger rate of subsidy on imported petroleum products of 54.7 percent. In order to correct for this discrepancy, the Altertax tool 11 (Malcolm, 1998 ) is employed to lower the subsidy rate in the GTAP database. All petroleum products imported into Nigeria are subject to this rate, hence the Altertax simulation is applied to the imported petroleum products tax rates corresponding to each of three Nigerian agents in the model: firms (tfm); government (tgm), and private households (tpm).
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Each of these taxes implies a wedge between the composite import price (pim(i,r) ) and the respective consumption prices for each agent (referred to in the GTAP model as pfm(i,r), ppm(i,s) and pgm(i,r)).
Scenarios
The analysis is conducted by simulating two cuts to the fuel subsidy:
 Complete removal of the subsidies on imported petroleum products, and  Partial removal of subsidies so that petroleum product prices do not increase more than 10 percent of the baseline price of fuel.
This study also analyzes two alternative policies, which could mitigate the impacts on poor households and the domestic economy of the partial subsidy removal:
 Introduction of a subsidy on domestic petroleum product production, with expenses being equal to the former government expenditures on import subsidies, to increase domestic output of that industry;  Introduction of a government transfer scheme, with expenses being equal to the former government expenditures on import subsidies, targeting rural households, which are poorer on average than urban households. We consider this scenario the preferred scenario for assessing the welfare implications of a subsidy reduction, as the benefits from lower expenditures on the subsidy are directly transferred to households, instead of increased government expenditure such as for the provision of public goods.
The government transfer to poor households is undertaken by first identifying poor households. Six households are identified as poor. All six households are rural and are selected due to their 11
The Altertax approach runs a simulation where tax rates are set to their desired value and the updated post-simulation database is saved for subsequent policy experiments. A special closure and parameter file are applied to ensure that the rate-changing simulation has the least possible effect on other cost and sales shares. This closure fixes real regional trade balances, whilst the parameter settings amount to Cobb-Douglas everywhere, which keeps budget shares fixed.
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We refer to the lower case parameters in GTAP, tfm, tgm, and tpm as tax rates, where, in fact, these variables represent changes to the "power" of taxes, a technical definition, which can easily be translated into tax rates. So, we use tax "rates" and "power" of taxes interchangeably, recognizing they are numerically different. savings rates being substantially below those of other households (all urban) and their poverty head counts being highest (NBS, 2012) . These targeted payments are introduced in the model as transfers from the government to households relative to government income. The base subsidy rate, four scenarios, their subsidy rates and any accompanying transfers are listed in Table 3 . 
Results
This section starts with a discussion of the effects on the prices of petroleum products in Nigeria, followed by the impacts on output and consumption. Finally, macroeconomic and welfare impacts are discussed. Figure 1 shows the percentage changes in the prices of petroleum products due to the four scenarios. Full-removal (Scenario 1) causes the highest change in prices as it removes the subsidies on imported petroleum products without applying any compensation mechanism. After the complete removal of the subsidy in January 2012, the fuel price increased from 65 Naira per liter to 140 Naira per liter (The Economist, 2012) . Complete removal of the subsidy did not continue for long, with the Nigerian government reinstating a fuel subsidy to maintain a market price of 97 Naira per liter shortly thereafter.
Prices
In all four scenarios, the subsidy on petroleum products is reduced or removed and the market price of imported fuel increases as expected. Imported petroleum products represent nearly 80 percent of apparent consumption of this product in Nigeria. Domestic consumption switches to the now more competitive, but still limited, local petroleum product production. The prices of domestically produced petroleum products, therefore, rise substantially (between 9 and 19 percent) except in Scenario 3, where a producer subsidy on domestic petroleum products is simulated and the price for domestic production (ppd) falls.
Figure 1: Changes in the Prices of Petroleum Products (%).
The remaining three scenarios, which remove half the petroleum product subsidy, move market and supply prices in the same direction, but by smaller amounts than in the full-removal case (Scenario 1) because they all reduce the subsidy by the same amount, targeting a maximum market price change of 10 percent, as intended. The private consumption price (labeled pp in the chart) for the composite (imported and domestic) commodity would increase by 19 percent due to Scenario 2 (half removal of the subsidy with no other domestic intervention) and Scenario 4 (half removal of the subsidy with a transfer to the poor households).
The reduction of the import subsidy together with a subsidy to local refineries (labeled Scenario 3) equal to the subsidy removed on fuel imports, increases the private consumption price by 8.6 percent, less than the other scenarios because it includes a subsidy to incentivize production of domestic petroleum products. This leads the price of the domestic petroleum products to decrease by 12.8 percent, and the market price of the imported petroleum products to increase by 24.6 percent. Hence, the composite domestic price increases by only 8.6 percent. Figure 2 shows the percentage changes in the market price of petroleum products compared to the market prices of transport-communication 13 and electricity, all major users of petroleum products in Nigeria as determined by the cost structure of firms reported in the GTAP database. Petroleum products represent 31.7 percent and 23.7 percent of production costs of transport-communication and electricity in the database, underscoring the importance of these products to these sectors. Similarly, these two sectors consume the majority of the petroleum products consumed by industry in Nigeria comprising 66.7 percent and 11.0 percent of intermediate consumption of these products. In addition, the petroleum products sector itself uses 20.0 percent of the intermediate consumption of petroleum products and the three sectors together consume 98.0 percent of total intermediate use according to the GTAP 8 database. Recalling that Scenario 1 (full removal of the subsidy) resulted in fuel prices increasing 19.0 percent, it is not surprising that the price of transport-communication and electricity increase by 11.1 percent and 8.3 percent, respectively. Thus, the impacts of the petroleum product price increases will not be limited to direct impacts on final consumers, but will also impact consumers indirectly via the increase in the cost of transportation, communication and electricity. This further aggravates the situation of poor people across Nigeria. The baseline data from Nwafor et al. (2010) shows that non-poor urban households consume more of the three commodities relative to rural households. The average shares of petroleum products, electricity, and transport-communication 13 Transportation and communications services are grouped in one sector according to our sector aggregation (Appendix 3). in the urban households' base consumption expenditure are 2.7, 1.0 and 6.9 percent respectively, while for the rural households these are 1.5, 0.7 and 3.0 percent respectively. This implies that an increase in the price of petroleum products would have a larger effect in absolute as well as in relative terms on urban households than on rural households. Furthermore, the indirect effects dominate the direct effects: households have higher expenditure shares on electricity and transportcommunication relative to petroleum products. Price increases are lower under the other Scenarios 2, 3, and 4 where only half of the subsidy is removed.
Domestic Demand
The percentage changes in the quantities of petroleum products demanded by households are shown in Figure 3 . Private demand for domestic petroleum products increases while it decreases for imported petroleum products. Total demand for imported petroleum products (for intermediate and final use) in the country declines by 15.6, 9.1, 13.6 and 8.9 percent for Scenarios 1-4, respectively.
Figure 3: Changes in Private and Total Import Demand for Petroleum Products in Nigeria (%).
Scenario 3 (half subsidy with local subsidy on domestic production) would lead to the greatest reduction in use of imported petroleum products (-26.6 percent) and the highest growth in the use of domestically produced petroleum products (55.0 percent). Under all scenarios, the total household demand for composite petroleum products is declining by between 7.2 percent (Scenario 1) and 2.1 percent (Scenario 3). The impact of the four scenarios on intermediate demand for petroleum products is shown in Figure 4 . Transport-communication and electricity intermediate demand for petroleum products, which together constitutes 78.0 percent of intermediate petroleum products, would decrease in the four scenarios (see composite demand). Domestically produced petroleum products would increase its use of both domestic petroleum products and imported petroleum products. As will be seen in the following sections, output of domestically produced petroleum products increases. 
Production
Higher petroleum product prices in all scenarios (Figure 1 in Section 4.1) lead to increased output of petroleum products ( Figure 5 ). Domestic production increased most (47.4 percent) under the Scenario 3, where the subsidy on imported petroleum products would be reduced and complemented by an equivalent subsidy on domestically produced petroleum products. Under the Scenario 1 (full subsidy removal), domestic output increases by 17.0 percent. Under Scenario 4 (half removal of the subsidy and transfers to poor households), the impact on production would be 9.6%, which is closer to Scenario 2 that does not include the transfers to households. The impact of the transfers to poor households has minimal impact on domestic production. Increasing petroleum product prices under all four scenarios causes the output of transportcommunication, electricity, and other manufacturing to decline. The impact on transportcommunication is highest due to the higher share of fuel in its cost structure representing 31.7 percent compared to 23.7 percent for electricity, the next most intensive user of petroleum products.
GDP and Trade

GDP and Spending
Real GDP increases in all four scenarios ( Figure 6 ). Real GDP (GDP quantity index in Figure 6 ) increases the greatest under Scenario 1 (0.18 percent) which completely removes the distortion (import subsidy) on the petroleum product sector and improves overall economic efficiency. Scenarios 2 through 4 have similar impacts on real GDP which vary from 0.13 percent increase in Scenario 2 to 0.10 percent in Scenario 3 and Scenario 4. Domestic prices slightly decline in Scenario 1 (0.08 percent) and Scenario 2 and rise modestly by 0.08 percent in Scenario 3. Scenario 4, in contrast, sees a noticeable increase in domestic prices relative to the three prior scenarios. In Scenario 4, the reduced oil subsidy is transferred to rural households and domestic prices rise by 0.56 percent. Domestic prices increase most strongly under Scenario 4 due to the transfer of money from the government to rural households which have a higher expenditure share on domestic goods than the government itself or local producers (Scenario 3).
Any reduction in the subsidy increases disposable government income and this increase in government income is entirely spent by the Nigerian government, in the same proportions as in the baseline data. The baseline data for Nigeria reveal that imported machinery and transport equipment comprise nearly 40 percent of the Nigerian government's consumption and, more generally, total imports make up over 70 percent of Nigerian government consumption. In contrast, domestically produced goods, such as fresh fruits and vegetables, comprise over 85 percent of rural households' consumption. The rise in domestic demand causes land and labor prices in Nigeria to rise relative to the prior three scenarios and contributes to an overall rise in prices in the Nigerian economy seen in the GDP price index presented here. Scenario 4 does best from an income redistribution perspective to be discussed in section 4.5. Next we examine changes in real spending -private and government consumption and savings.
14 Results show that real government expenditure increases by 18.4, 10.2, 5.6 and 5.5 percent under the four scenarios, respectively, which is driven by the increases in government income of 7.2, 4.0, 2.3 and 2.2 percent. Government income increases are primarily due to the reduced outlays on fuel subsidies. The increasing government income under Scenarios 3 and 4, despite the redistribution of the fuel subsidy to production subsidies or rural households, is explained by increases in the government revenue from taxes on intermediate input usage and private consumption.
14 Absorption is total private household consumption, government spending and investment. Absorption is often used as a measure of welfare as it takes into account welfare derived from the provision of government services as well as private consumption and investment, although it also gives equal weight to all components and all households. In this case we replace investment with savings as domestic savings reflects domestically owned investment. Total real private household consumption falls under all scenarios, although the declines are much smaller in Scenarios 3 and 4 where the government income from the subsidy is redistributed. Real saving also falls under all scenarios, albeit by a very small amount. Overall, changes in real spending are driven by the extent to which real government expenditure increases, with the largest increase in real spending in Scenario 1 (0.55%) and smallest in Scenario 3 (0.22%). Real spending in Scenario 4 rises by 0.27%, less than in Scenario 1, due to the larger increases in prices in Scenario 4.
Trade
Petroleum product imports constitute 14.6 percent of Nigerian import value (GTAP 8 database). The four scenarios reduce it by 15.6, 9.1, 13.6 and 8.9 percent, respectively. The greatest reductions are in Scenarios 1 and 3 because the former removes the subsidy on petroleum product imports entirely and the latter subsidizes domestic petroleum product production and reduces the subsidies on imports by 50 percent. This, among other changes, results in total imports increasing by 0.3 and 0.1 percent under scenario 1 and 2, respectively. Meanwhile, imports decrease by 1.0 and 0.4 percent under Scenarios 3 and 4, respectively ( Figure 7 ). The increase in the real imports under Scenarios 1 and 2 are mainly driven by increases in the quantities imported of other manufactures, which represent about 40.0 percent of imports and increase by 2.1 and 1.2 percent respectively under the two scenarios (not shown). Imports of transport-communication increase by 12.5 and 6.4 percent, other services increases by 13.1 and 7.3 percent and transport equipment by 11.1 and 6.1 percent, respectively. The increases caused by Scenario 3 and 4 on these major imported commodities are smaller and therefore do not outweigh the reductions in the imports of other sectors. Hence, they lead total imports to decline. Import price indices show no changes, while those of exports slightly increase under the four scenarios.
The overall country's change in the balance of trade under the four scenarios is positive due to the fall in investment experienced across all scenarios. The fall in investment is due to the falling rates of return, which are largest when all of the subsidy is removed (-3.57, Scenario 1) and smallest when a subsidy is placed on domestic production (-0.85, Scenario 3). The resulting changes in the balance of trade under Scenario 1 through Scenario 4 in US$ million are 65, 36, 32 and 178, respectively. The larger increase in the trade balance in Scenario 4 is due to a lower decline in savings by private households relative to scenario 1. This is somewhat surprising, since the poor rural households that receive the additional income transfers from government do not have very high savings rates (see Appendix 1). The rise in relative savings in Scenario 4 is the result of a lower decline in income (see section 4.5 below) and hence savings of some of the Urban households, and in particular the Urban North-West.
The Impact on Households
Changes in real household income, which are calculated from the MyGTAP model by adjusting changes in nominal households' income for a household specific price index for private consumption expenditure, are shown in Figure 8 . The simulation results indicate that real income decreases in Scenario 1, 2 and 3 for all households. In Scenario 4 that includes a government transfer to rural households, real income increases for all rural households with slightly varying extent, ranging from 2.3 percent increase for Rural-North West households to 7.6 percent for Rural-South West households. The varying degree of increase in the income of the households mainly results from different shares of government transfers in their base income. These findings indicate that Scenario 4 maintains the best policy for rural households in Nigeria among the four simulated policies. Under the first three scenarios, real household income declines due to the decreases in factor returns (wages and profits), which led the total disposable factor income to decrease by 1.5, 0.7 and 0.3 percent, respectively. Scenario 1 and Scenario 2 eliminate government spending on petroleum product import subsidies, but they reduce the real income of all household groups due to the resulting higher price of petroleum products without implementing any supplementary policy.
By further exploring the income of household from production factors (land, labor, capital, and natural resources), the four scenarios are found to enhance households' incomes from natural resources by 3.7, 1.9, 1.0, and 1.8 percent under Scenario 1 through Scenario 4, respectively ( Figure 9 ). Capital, which is primarily held by urban households, represents 63.7 percent of the base household factor income in Nigeria and declined under the four scenarios, while labor, the primary source of income for poor-rural households, represents 19.7 percent and declines under the first three scenarios and modestly increases in Scenario 4. Income from land, which the SAM shows is only owned by poor rural households, increases in Scenario 4, which together with the increasing returns from natural resources (NatRes) and the government transfers improves the real income of rural households. The effects of prices on real household income can be ascertained by disentangling the impact of income from that of price. For example, it is found that, nominal household income increases for all rural poor households in Scenario 4, which is the scenario including a government transfer to rural households. Increases are between 2.8% and 8.5%. The price index for private consumption expenditure for rural households under Scenario 4, however, increases by 0.68 percent on average for all rural households. This implies that the price effect diminishes the positive impact of increasing nominal income and resulting real income increases for rural households are only between 2.3% and 7.6%.
Summary and Conclusions
Nigeria is Africa's top producer and exporter of crude oil. Petroleum constitutes about 90 percent of Nigeria's exports, nearly one-third of its GDP and about 75 percent of government revenue. The Nigerian economy is heavily burdened by subsidies on petroleum product imports, which constitute more than 80 percent of domestic demand of petroleum products because domestic refineries are unable to meet domestic demand. The subsidy on petroleum product imports is often justified as a measure to alleviate poverty; but a large part of this subsidy accrues to importers and wholesalers and involves corruption and inefficiencies. It is likely that beneficiaries invest in lobbying for the maintenance of the import subsidy, legally and illegally, which creates economic losses, and presents a barrier to advancing good governance.
Recent efforts to remove the import subsidy on petroleum products have met with mixed success. The fuel subsidy continues to be a large share of government spending, increases with rising imports and continues to destabilize the country's fiscal health. Low fuel prices are considered the only benefit of the subsidy to the people of Nigeria, where more than half its population is living under the $1.25 per day poverty line in this oil-rich country.
We use the MyGTAP model, which is an economy wide framework to identify the impacts of several fuel subsidy reduction scenarios, together with complementary policies to alleviate the negative impacts of the subsidy removal on the economy. The scenarios range from the complete removal of the subsidy (Scenario 1) to offering policy alternatives that promote domestic production of petroleum products (Scenario 3) and transfers to poor households (Scenario 4).
Removal of the subsidy, without accompanying it with other policy interventions, will negatively affect private household income, but results in a substantial increase in government revenues that allow increased spending on transfers and/or government provision of services. In terms of total real spending, this scenario (1) results in the largest gains. Similar conclusions are found should the subsidy be only partially reduced such that domestic prices do not rise by more than 10 percent. Impacts on private household income are less adverse under our third and fourth scenarios where, in addition to reducing the subsidy on imports, a subsidy for domestically produced petroleum products and a transfer is provided to poor rural households, respectively. Although more income accrues to poor households in Scenario 4, the gains in total real spending are lower than in Scenario 1, due to higher prices. If government spending is targeted at poor households Scenario 1 might be preferable to a direct government transfer.
The channels by which rural (poorer) and urban (less poor) households are affected differ. Urban households are impacted to a greater extent through their direct purchases of petroleum products. Rural households are impacted through their consumption of products and services which use petroleum products. In the case of a subsidy reduction or elimination, prices of petroleum products would increase, negatively affecting many sectors in the economy, especially those heavily dependent on petroleum products such as transportation and electricity, which will see their prices rise. Higher prices for energy intensive goods and services negatively affect rural households, whose expenditure shares for these goods are higher than those of urban households, who directly consume relatively more petroleum products.
This study suggests that accompanying a subsidy reduction with a transfer of government income to rural households will not only promote pro-poor growth, but will alleviate some of the negative impacts on real income of all households (Scenario 4). Real income of rural households increases by 2.3%-7.6% under Scenario 4 compared to the current situation. Furthermore, Scenario 4 increases the GDP, improves the government budget by reducing subsidy outlays and it modestly improves the country's balance of trade. Finally, Scenario 4 promotes domestic production of petroleum products to substitute for imports motivated by higher domestic prices. In conclusion, our results are in line with economic theory as well as results from other authors: Fuel subsidies harm the economy as a whole and their replacement by targeted transfer policies can be used to improve household incomes (e.g. Umar and Umar, 2013) .
The benefits of Scenario 4 will have to be considered against the likely costs of the transfer policy. Reductions in corruption costs from the subsidy reduction will have to be weighed against inefficiencies and corruption from implementing a transfer scheme. It is not known what the ultimate outcome would be, but our results suggest, if corruption costs can be kept low, the transfer scheme would be beneficial to the poor and to Nigeria.
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Greater information on the quantities of petroleum products that the government pays for but never reach the consumer is a pre-requisite for better analysis in this area. If such information were taken into account, positive effects of a subsidy reduction on the Nigerian economy would be even larger than simulated in this paper.
An extension of this work, which we have not considered as an alternative policy approach, is the coupling of reduced petroleum products subsidies with energy use efficiency subsidies, such as for more fuel efficient autos, trucks and generators (World Bank, 2009 ). The use of energy efficient goods would reduce the need for future subsidies. Weighed against this would be the cost of the subsidies themselves. For such an analysis, more information is required on the efficiency "gap" between current Nigerian infrastructure and the modern, energy efficient devices which would replace them. Another promising path for extending the work of this article, is the consideration of public investments in an improved electricity network which would be complementary to the abolishment of the fuel import subsidy: the weak public network causes high fuel cost to enterprises, as they have to maintain private power supply (Birol et al., 1995) .
Finally, this study confirms the strength of economy wide simulation models in analyzing the effects of fuel subsidy reform, as such models incorporate direct effects via higher fuel prices faced by enterprises and private households, but also indirect effects of changes in the prices of production factors and products other than fuels. The model applied in this study, namely the recently developed MyGTAP, is found to be a helpful extension that allows for the incorporation of distributional aspects in the global modeling framework of GTAP, which as this study shows, provides more information for policy makers in terms of what the effects of a policy will be at the household level. 
